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(54) Method and apparatus for removing hydrocarbons from water by air flotation 



(57) An improved production water treatment sys- 
tem and method are disclosed. The treatment apparatus 
includes a vertically oriented vessel (11) with tangential- 
ly disposed injection nozzles including one or more wa- 
ter input inlets (P 1 ,P 2 ) for the introduction of production 
water and one or more recycle fluid/sparge gas inlets 
(R 1 ,R 2 ,R3,R4) for the introduction of recycled water from 
the vessel (11) and a sparge gas. The tangential orien- 
tation of the injection nozzles creates a cyclonic flow 
within the vessel for improved sparge gas bubble/hydro- 
carbon contact. A hydrocarbon-rich layer migrates to the 
top surface (14) of the liquid in the vessel (11) where It 
is removed about a center axis of the vessel (11). The 
resulting hydrocarbon-lean production water has a suf- 
ficiently low hydrocarbon content that it is eligible for 
more intensive processing, such as with organophillic 
clay cartridges. 
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Description 
Technical Field 

[0001] An apparatus and method for separating hy- 
drocarbons and other organic materials from water, 
such as acidflow back water, completion fluid water, pro- 
duced water and rain water collected from off-shore oil 
drilling and production platforms, are disclosed. More 
specifically, an apparatus is disclosed for pre-treating 
these production waters generated on off-shore oil drill- 
ing and production platforms by injecting the production 
water in an enclosed vessel and generating a cyclonic 
flow within the vessel. Recycled water from the vessel 
and a sparge gas are also tangentially injected into the 
vessel to further encourage the cyclonic flow. The gas 
and hydrocarbon-rich water migrate towards thetop sur- 
face of the liquid in the vessel and towards the axial cent- 
er of the vessel where the hydrocarbon -rich water is 
purged. Hydrocarbon-lean water is then purged from a 
bottom section of the vessel and discharged or proc- 
essed further. 

Background of the Related Art 

[0002] During crude oil production, a significant 
amount of water is co-produced with the oil. This "pro- 
duced water" is contaminated with residual or hydrocar- 
bons and therefore is a substantial waste stream. For 
example, it is estimated that 380 million tons of pro- 
duced water was generated in the North Sea during the 
2001 production year. While new operational fields pro- 
duce relatively minor amounts of water, e.g., 10-20% 
percent of the total production (i.e. , water and oil), as an 
oil field ages, the produced water volume increases to 
80-90% of the total production. These huge volumes of 
produced water must be treated before they are re- 
turned to the sea because they contain significant 
amounts of hydrocarbon contaminants. 
[0003] Currently, off-shore production facilities treat 
the hydrocarbon-contaminated production water by 
adding oil coalescing and water clarifying chemical 
agents to assist in a mechanical separation of the hy- 
drocarbons from the water. However, this technology re- 
sults in the discharge of production water to the ocean 
which still contains hydrocarbons in the range of 20-40 
ppm and additional trace impurities such as benzene re- 
lated compounds, phenols, alkyl phenols and polyaro- 
matic hydrocarbons in concentrations ranging from 1 00 
to 1 0,000 ppb. While a 20-40 ppm hydrocarbon content 
meets current regulations, it is been found that the dis- 
charge of production water with the above-noted trace 
impurities can adversely affect marine life. 
[0004] Often, large amounts of natural gas are pro- 
duced with crude oil. To separate the gas from the oil 
and the oil from the water, three phase separators have 
been developed. In a three phase separator, the gas is 
first separated from the oil and water and the oil layer is 



physically separated from the water and sent to a dehy- 
dratorto remove residual water. The water phase, which 
includes a small fraction of residual oil, enters a water 
skimmer to skim the free oil off of the top of the water 

5 layer. After skimming, the water layer, which still con- 
tains a substantial amount of hydrocarbons, enters a 
horizontal induced gas floatation separator. These hor- 
izontal induced gas floatation (HIGF) separators can 
produce a water phase with a hydrocarbon content of 

10 20-40 ppm. 

[0005] HIGF separators work by bubbling a gas 
through the production water which results in hydrocar- 
bon droplets floating to the surface. Typically, the gas 
used is natural gas produced at the well. Nitrogen or oth- 

15 er inert gases may be used as well. Each HIGF separa- 
tor includes a number of cells, each with its own gas 
diffuser to maximize the natural gas bubble/hydrocar- 
bon droplet contact. While the HIGF separators are 
commonly used, they suffer from numerous drawbacks. 

20 [0006] At the outset, HIGF separators are extremely 
large. Their length can reach 60 feet which represents 
a tremendous amount of deck space, which is at a pre- 
mium on an off-shore oil platform. Many older platforms, 
where space is limited, cannot be outfitted with such 

25 separators. It will be noted that all currently available 
"horizontal" induced gas floatation separators have a 
length or width substantially greater than their height. 
[0007] Further, HIGF separators to date have not 
been able to reduce hydrocarbon concentration below 

30 an approximately 20 ppm threshold level. While this lev- 
el meets current regulatory standards, it falls short of 
the proposed standards for the North Sea which may 
take effect as early as 2005. 

[0008] HIGF separators are also susceptible to wave 

35 motion experienced by modem platforms. Specifically, 
modem deep water platforms are not permanently an- 
chored to the sea floor but, instead, are tethered and 
move with currents. Thus, these floating platforms will 
sway and roll with wave motion. This rolling causes the 

40 water inside the HIGF separators to form waves, which 
makes skimming hydrocarbons from the water surface 
difficult and often ineffective. Further, intense wave mo- 
tion will cause some units to shut down thereby creating 
disruptions in platform production because of a lack of 

45 storage capacity for untreated production water. 

[0009] Also, because of their large size, in the event 
the production water output exceeds expectations, op- 
erators are unable to expand capacity by adding addi- 
tional HIGF separators because of a lack of available 

so floor space. As a result, either the operator must reduce 
production or discharge produced water with a hydro- 
carbon content greater than the regulatory limit. 
[0010] Further, the flow rate of production water from 
a well can vary greatly and HIGF separators operate 

55 more efficiently in a steady state condition and the effi- 
ciencies of these systems is compromised with varying 
input flows. Still further, HIGF separators are limited in 
their ability to treat water with higher hydrocarbon con- 
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centrations, i.e. greater than 300 ppm. Concentrations 
exceeding 300 ppm generally exceed the separators 
ability to achieve acceptable hydrocarbon removal. 
H IGF separators are also designed to remove dispersed 
oil or hydrocarbon droplets. Their ability to remove par- 
tially soluble components such as alkyl phenols and pol- 
yaromatic hydrocarbons is extremely limited as these 
components are relatively soluble in water and do not 
respond to gas/bubble contact. As noted above, these 
compounds are extremely harmful to marine life. 
[0011] One substitute for HIGF separators has been 
suggested in the form of a vertical vortex separator. One 
example is disclosed in WO 99/00169. The disclosed 
apparatus relies upon creating a vortex in a cylindrical 
vessel for purposes of separating oil from water. How- 
ever, this apparatus is suitable only for preliminary sep- 
aration of oil from production water and does not reduce 
the hydrocarbon content in the production water to a lev- 
el acceptable for discharge or more intensive treatment 
such as filtering with organophillic clays. 
[001 2] The treatment of production water with organ- 
ophilic clays is also known and is disclosed by common- 
ly owned U.S. Patent Nos. 5,935,444, 6,398,966 and 
6,398,951 , all of which are incorporated herewith. The 
production water is typically introduced into a contained 
vessel which contains a plurality of cartridges containing 
the organophilic clay. The production water flows 
through the packed cartridge beds of organophilic clay 
and the hydrocarbon contaminants are adsorbed onto 
the clay particles. The process is very efficient, resulting 
in extremely low hydrocarbon content of the treated pro- 
duction water. 

[0013] However, it has been found that when the hy- 
drocarbon content of the production water inputted into 
an organophilic clay containing vessel exceeds 100 
ppm, the available adsorbing sites on the clay are read- 
ily used up and the cartridges must be replaced fre- 
quently, thereby increasing costs and creating time de- 
lays. The vortex creating apparatus of WO 99/001 69 is 
not suitable as a sole pre-treatment of production water 
upstream of an organophilic clay filtering apparatus. 
[0014] Therefore, there is a two-fold need for im- 
proved methods of treating production water, especially 
on off-shore oil platforms. First, an improved method 
and apparatus is required which avoids the disadvan- 
tages of the HIGF separators described above. Further, 
there is a need for an improved hydrocarbon/water sep- 
aration method and apparatus which can be used as an 
effective pretreatment priorto additional treatment of the 
water with organophilic clay cartridges. 

Summary of the Disclosure 

[0015] An improved apparatus for separating hydro- 
carbons from water is disclosed. The apparatus com- 
prises a vessel having a height and a diameter. The 
height of the vessel is greater than the diameter of the 
vessel thereby providing it with a "vertical 0 configuration 



which is preferred by off-shore oil platform operators. 
The vessel further comprises an enclosed top and bot- 
tom with a vertical cylindrical section extending there- 
between. 

5 [001 6] At least one input inlet is provided that extends 
through the vertical cylindrical section. The input inlet is 
connected to a supply of input liquid, i.e., untreated pro- 
duction water. The input inlet is directed "tangentially" 
or at an angle of less than or equal to 45° with respect 

10 to a tangent of the vertical cylindrical section so that the 
input inlet can encourage or generate a cyclonic flow 
within the vessel. 

[0017] The apparatus further includes at least one re- 
cycle fluid/sparge gas inlet that extends through the ver- 

15 tical cylindrical section of the vessel as well. The recycle 
fluid/sparge gas inlet is connected to a recycled pump 
which, in turn, is connected to the vessel by a recycle 
line. The recycle flu id/sparge gas inlet is also connected 
to a source of sparge gas. Similar to the input inlet, the 

20 recycle fluid/sparge gas inlet is also directed "tangen- 
tially" or at an angle of less than or equal to 45° with 
respect to a tangent of the vertical cylindrical section for 
generating or encouraging cyclonic flow within the ves- 
sel. 

25 [0018] The apparatus also includes a hydrocarbon- 
lean water outlet. The apparatus further includes an up- 
wardly directed collection bucket disposed along an ax- 
ial center of the vessel. The collection bucket is also con- 
nected to a hydrocarbon-rich outlet line. The vessel is 

30 also equipped with a sparge gas outlet line. 

[0019] In a refinement, the apparatus further includes 
an upwardly directed recycle fluid/sparge gas inlet. This 
upwardly directed recycle fluid/sparge gas inlet is also 
connected to the recycle pump and the supply of sparge 

35 gas and is directed upwardly to generate or encourage 
upward flow within the vessel. 
[0020] In another refinement, the at least one input 
inlet comprises two input inlets disposed diametrically 
opposite the vessel from one another. The two input in- 

^0 lets are also disposed at a common vertical height. 
[0021] Further, three input inlets may be provided 
which are equidistantly spaced around the vessel, or at 
approximately 120° intervals around the vessel. Again, 
a common vertical height is preferred. 

45 [0022] In another refinement, the at least one recycle 
fluid/sparge gas inlet further comprises two recycle fluid/ 
sparge gas inlets disposed diametrically opposite the 
vessel from one another and having common vertical 
height. Preferably, three recycle fluid/sparge gas inlets 

50 are provided, equidistantly spaced around the vessel at 
a common vertical height. In still a further refinement, 
the common vertical height of the recycle fluid/sparge 
gas inlets is disposed below the common vertical height 
of the input inlets. 

55 [0023] In still another refinement, the input inlets are 
disposed approximately one foot below the surface of 
the circulating cyclonic flow within the vessel. The recy- 
cle fluid/sparge gas inlets are disposed below the input 
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inlets, and preferably at or about a mid-point of the ves- 
sel. 

[0024] In another refinement, a ratio of the vessel to 
the diameter of the vessel ranges from about 5:1 to 
about 1 .5:1, more preferably about 2.5. 
[0025] Further, as noted above, to meet increasing 
demanding environmental concerns, the hydrocarbon- 
lean water outlet may be connected to a secondary 
treatment vessel containing organophilic media for ad- 
sorbing any residual hydrocarbons that remain in the 
pre-treated production water. 

[0026] A method for reducing hydrocarbon content in 
a stream of production water is also disclosed. The 
method comprises tangentially injecting the production 
water into a cylindrical vessel to encourage cyclonic flow 
within the vessel, tangentially injecting the flow of recy- 
cled water from the vessel and sparge gas into the ves- 
sel at a level below a point where the production water 
is injected and to further encourage cyclonic flow within 
the vessel, allowing the sparge gas and hydrocarbon- 
rich water to migrate to a top surface of the circulating 
liquid within the vessel, purging the hydrocarbon- rich 
water at a top surface of the circulating liquid and along 
a central axis of the vessel, and purging hydrocarbon- 
lean water from a lower point in the vessel below where 
the flow of recycled water and sparge gas are injected 
into the vessel. 

[0027] In a refinement, the method also includes 
maintaining a positive gage pressure within the vessel 
with additional sparge gas or an inner gas. In another 
refinement, the sparge gas is natural gas co-produced 
with the production water to be treated. 
[0028] An improved system for treating production 
waters is also disclosed. The improved system includes 
a vertically-oriented pre-treatment vessel where the pro- 
duction water is mixed with a sparge gas, such as co- 
produced natural gas, and a hydrocarbon-rich layer is 
skimmed off the top surface while a hydrocarbon-lean 
layer is removed through a lower portion of the pre-treat- 
ment vessel. The hydrocarbon-lean water is then trans- 
mitted to a secondary treatment vessel where it is con- 
tacted with an organophillic clay. 

Brief Description of the Drawings 

[0029] The invention is illustrated, by way of example, 
more or less diagrammatically in the accompanying 
drawings wherein: 

FIG. 1 is a schematic illustration of a production wa- 
ter treatment system made in accordance with this 
disclosure; 

FIG. 2A is a partial perspective view of the vessel 
illustrated in FIG. 1 showing the relative placement 
of the production water input nozzles and recycle 
fluid/sparge gas input nozzles; 



FIG. 2B is a top sectional view of the vessel illus- 
trated in FIG. 1 , particularly illustrating the preferred 
placement of the production water input nozzles 
and recycle fluid/sparge gas input nozzles; 

5 

FIG. 2C illustrates the tangential angle of the input 
nozzles relative to the vessel wall; 

FIG . 3 is a perspective view of the bucket, baffle and 
10 partial view of the hydrocarbon-rich outlet line; 

FIG. 4 is a schematic illustration of the apparatus of 
FIG. 1 connected to a secondary treatment vessel 
containing an organophilic clay filter system; and 

15 

FIG. 5 illustrates, graphically, the hydrocarbon con- 
centration reduction achieved by an apparatus 
made in accordance with this disclosure. 

20 [0030] It will be understood that the drawings are not 
necessarily to scale in that the embodiments are illus- 
trated using graphic symbols, diagrammatic represen- 
tations and fragmentary views. In certain instances, de- 
tails which are not necessary for an understanding of 

25 the disclosed apparatuses and methods or which render 
other details difficult to perceive may have been omitted. 
It should be understood, of course, that this disclosure 
is not necessarily limited to the particular embodiments 
illustrated herein. 

30 

Detailed Description of the Present and Preferred 
Embodiments 

[0031] Turning to FIG. 1, an improved apparatus 10 
35 is disclosed which has a vertical orientation and can pro- 
vide a superior substitute for the currently employed 
HIGF separators. The apparatus 10 includes a vessel 
11 which has a height to width ratio ranging from about 
5.0 to about 1 .5, preferably about 2.5. One suitable size 
40 for the vessel 11 is a height of 1 0 feet and a width or 
diameter of 4 feet. 

[0032] Production water is introduced into the vessel 
through one or more input inlets indicated at P 1} P 2 in 
FIGS. 1 and 2A-2C. It will be noted that the number of 

45 production water input inlets can vary In anywhere from 
1 to 3 or 4 and that the use of two production water input 
inlets P^ P 2 as shown in FIGS. 1 and 2A-2C is an ex- 
ample, albeit a preferred example. Referring to FIGS. 
2A-C, it will be noted that the production water input in- 

50 lets P 1 , P 2 are directed "tangentially" with respect to the 
vessel 11 . That is, the nozzles P 1f ,P 2 are directed at a 
positive angle with respect to a tangent to the cylindrical 
section of the vessel 11 as shown in FIG. 2C. Specifi- 
cally, any nozzle such as P^ P 2 , H v R 2 or R 3 will pass 

55 through the vessel 11 as shown at an angle e with re- 
spect to a tangent T taken at the entry point of the noz- 
zle. The angle G can vary, but should preferably be less 
than or equal to 45° so that the injectedf luid encourages 



4 



7 



EP 1 400 492 A2 



8 



a cyclonic flow within the vessel 11 for enhance mixing 
of sparge gas and production liquid as discussed below. 
[0033] Returning to FIGS. 23, the production water in- 
put inlets P 1t P 2 , are preferably disposed diametrically 
opposite the vessel 1 1 from each other as shown in FIG. 
2B. If three production water input inlets are utilized, 
then it would be preferred that these inlets be equidis- 
tantly spaced around the vessel 11 or 120° apart from 
one another. It will be also noted that the height of the 
production water input inlets P t , P 2 , are about the same 
and are disclosed towards the top 12 of the vessel 11 
as opposed to the bottom 1 3. The production water input 
inlets P.,, P 2 , is preferably disposed about a foot below 
the surface 14 of the liquid circulated in the vessel 11 . 
[0034] In addition to the production water input inlets 
P^ P 2 , one or more recycled fluid/sparge gas inlet noz- 
zles are utilized, three of which are shown at R 1 , R 2 , R3 
in FIGS. 1 and 2. If three of these inlets are utilized, the 
nozzle should be equidistantly spaced around the ves- 
sel wall 1 5 as shown in FIG. 2B. Water is withdrawn from 
the vessel 11 through the recycle line 16 where it is 
drawn into a pump 1 7 and mixed with sparge gas via 
the line 19 which recycles sparge gas from the vessel 
11 and introduces the sparge gas through the eductors 
20 where the sparge gas is mixed with the liquid being 
delivered by the recycle pump 17. The recycle fluid/ 
sparge gas mixture is then injected into the vessel 1 1 by 
way of the nozzles R v R 2 , R 3 and R 4 . Again, the number 
of recycle water/sparge gas nozzles R can vary and can 
range from as few as one to more than the three that 
are shown. 

[0035] In addition to the tangentially disposed recycle 
flu id/sparge gas nozzles R 1f R 2 , R 3 shown in FIGS. 2A- 
2B, an additional nozzle is shown at R 4 which is directed 
upwardly and disposed towards the bottom 13 of the 
vessel 11. This upwardly directed recycle fluid/sparge 
gas inlet R 4 promotes upward flow within the vessel 1 1 
in addition to the cyclonic flow provided by the nozzles 

P 1-2> R 1-3- 

[0036] The inventors have found that the combination 
of the cyclonic flow produced by the nozzles P^ 2 > R i-3 
and the turbulent upward flow provided by the nozzle R 4 
in addition to the injection of sparge gas using the educ- 
tors 20, which would normally be co-produced natural 
gas, provides for improved mixing of the sparge gas with 
the produced water, improved contact between the gas 
bubbles and the hydrocarbon contained in the produced 
water and therefore better separation that HIGF sepa- 
rators and previously available vortex separators. 
[0037] Due to the improved mixing of the sparge gas 
bubbles and production water, hydrocarbon-rich pro- 
duction water migrates to the surface 14 of the liquid 
contained in the vessel and further migrates towards an 
axial center of the vessel 11 . The hydrocarbon -rich wa- 
ter is then collected at the bucket shown at 23 which is 
connected to a hydrocarbon -rich outlet line 24. 
[0038] In contrast, hydrocarbon-lean water is re- 
moved through the lower outlet 26 where it may be dis- 



charged or, in the alternative, as shown in FIG. 4, treat- 
ment may be continued in one or more vessels shown 
at 28. It has been found that additional treatment with 
organophillicclay is preferred. Further, the apparatus 10 

5 is a preferred pre-treatment prior to additional treatment 
with organophillic clay. Specifically, as shown graphical- 
ly in FIG. 5, the apparatus 1 0 is capable of reducing the 
hydrocarbon content in production water that is greater 
than 200 ppm to a value of less than 50 ppm. As noted 

10 above, when production water is fed into an organophil- 
lic clay treatment system that has a hydrocarbon content 
of greater than 1 00 ppm, the organophillic clay cartridg- 
es tend to foul quickly and require frequent replacement 
which is time consuming and costly. Thus, the disclosed 

*5 apparatus, which can easily reduce the hydrocarbon 
content to a less than 50 ppm, is a preferred pre-treat- 
ment for systems that incorporate organophillic clay 
technology. 

[0039] Flow through the hydrocarbon-lean outlet 26 is 
20 controlled by the valve 36 which is controlled by a liquid 
level controller 37. 

[0040] The vessel 1 0 should be operated at a positive 
gage pressure, preferably ranging from 5 to 1 0 psig. The 
pressure may be maintained with a gas source 29 which 
25 may be sparge gas or an inert gas. The gas applied 29 
is connected to the vessel by way of the line 31 and con- 
trol valve 34. Control valve 35 is used to bleed excess 
pressure. A convenient sparge gas is, of course, co-pro- 
duced natural gas. 
30 [0041] An apparatus with the general nozzle configu- 
ration illustrated in FIGS. 2A-2C was tested and the ex- 
perimental results are presented in FIG. 5. The vessel 
pressure was maintained between 6 and 1 0 psig and at 
a temperature of about 145°F. The produced water flow 
35 rate through the apparatus ranged from 2 to 3 barrels 
per minute (BPM). A standard production water treat- 
ment chemical, 6022Y, was also added. 
[0042] Further, referring to FIGS. 1 and 3, it has been 
found that the performance of the apparatus 10 is im- 
40 proved with the use of a baffle 31 which aides in skim- 
ming the hydrocarbon-rich water off the top surface 14 
and directing it towards the slot 33 of the bucket 23. 
Standard wire-type baffles 31 may be employed. Pref- 
erably, the baffle 31 is parabolicaily shaped to compli- 
es ment the contour of the surface 14 of the cyclonically 
flowing fluid in the vessel 11 . 

[0043] It will finally be noted that use of the apparatus 
10 in conjunction with organophillic clay technology as 
represented in U.S. Patent Nos. 5,935,444, 6,398,966 

50 and 6,398,951 is expected to have a substantial benefit 
to the environment. Specifically, it has been found that 
benzene related compounds, phenols, alkyl phenols 
and polyaromatic hydrocarbons, even in trace amounts 
ranging from 100 to 10,000 ppb, present a substantial 

55 threatto marine life, including many species of malefish. 
Utilizing the apparatus 10 as disclosed herein in combi- 
nation with organophillic clay technology can all but 
eliminate the discharge of these trace impurities back to 
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the ocean. 

[0044] While only certain embodiments have been set 
forth, alternative embodiments and various modifica- 
tory ../in ho onnarpnt from the above description to 
those skilled in the art. These and other alternatives are 
considered equivalents within the spirit and scope of this 
disclosure. 



Claims 

1. An apparatus (10) for separating hydrocarbons 
from water, the apparatus (10) comprising: 

a vessel (11) having a height and a diameter, 
the height being greater than the diameter, the 
vessel (11 ) further comprising an enclosed top 
(12) and bottom (13) with a vertical cylindrical 
seclion (15) extending therebetween, 
at least one input inlet (P 1s P 2 ) extending 
through the vertical cylindrical section (15) of 
the vessel (1 1 ), the input inlet (P^ , P 2 ) connect- 
ed to a supply of hydrocarbon-rich input liquid 
to be treated, the input inlet (P 1p P 2 ) being di- 
rected at an angle of less than or equal to 45° 
with respect to a tangent (T) of the vertical cy- 
lindrical section (15) for generating a cyclonic 
flow within the vessel (11), 
at least one recycle fluid/sparge gas inlet (R.,, 
R 2 , R 3 ) extending through the vertical cylindri- 
cal section (15) of the vessel (11) the recycle 
fluid/sparge gas inlet (R^ R 2 , R 3 ) connected to 
a recycle pump (17) and source of sparge gas 
( 19), the recycle pump (17) connected to the 
vessel (11) by a recycle line (16), the recycle 
fluid/sparge gas inlet (R 1f R 2 , R 3 ) being direct- 
ed at an angle of less than or equal to 45° with 
respect to a tangent of the vertical cylindrical 
section (1 5) for generating a cyclonic flow with- 
in the vessel (11), 

a hydrocarbon-lean water outlet (26), 
an upwardly directed collection bucket (23) dis- 
posed along an axial center of the vessel (11), 
the collection bucket (23) connected to a hydro- 
carbon-rich outlet line (24), 
a sparge gas input/outlet line (31 ). 

2. An apparatus (10) as claimed in claim 1, further 
comprising an upwardly directed recycle fluid/ 
sparge gas inlet (R 4 ), the upwardly directed recycle 
fluid/sparge gas inlet (R 4 ) connected to the recycle 
pump (17) and the supply of sparge gas (19), the 
upwardly directed recycle flu id/sparge gas inlet (R4) 
generating an upward flow within the vessel. 

3. An apparatus as claimed in claim 1 or 2, wherein 
the at least one input inlet comprises two input inlets 
(P 1 , P 2 ) disposed diametrically opposite the vessel 



from one another. 

4. An apparatus as claimed in any one of claims 1 to 
3, wherein the at least one recycle fluid/sparge gas 

5 inlet (R^ R 2 , R 3 ) comprises three recycle fluid/ 
sparge gas inlets (R 1f R 2 , R 3 ) equidistantly spaced 
around the vessel. 

5. An apparatus as claimed in any one of the preced- 
10 ing claims, wherein the at least one input inlet (R 1f 

R 2 , R3) is disposed vertically above the at least one 
recycle fluid/sparge gas inlet (R 4 ). 

6. An apparatus as claimed in claim 2 or any one of 
15 claims 3 to 5 when dependant upon claim 2 : where- 
in the at least one input inlet (P v P 2 ) is disposed 
vertically above the at least one recycle fluid/sparge 
gas inlet (R 1f R 2 , R 3 ) and the upwardly directed re- 
cycle fluid/sparge gas inlet (R 4 ). 

20 

7. An apparatus as claimed in any one of the preced- 
ing claims, wherein a ratio of the height of the vessel 
(11) to the diameter of the vessel (11) ranges from 
about 5:1 to about 1.5:1. 

25 

8. An apparatus as claimed in claim 7, wherein the ra- 
tio is about 2.5:1 . 



9. An apparatus as claimed in any one of the preced- 
30 ing claims, wherein the collection bucket (23) is con- 
nected to a radially outwardly extending baffle (31 ) 
for skimming hydrocarbons off of a surface of the 
liquid in the vessel (11). 

35 1 0. An apparatus as claimed in claim 9, wherein the baf- 
fle (31 ) is parabolically shaped. 

11. An apparatus as claimed in any one of the preced- 
ing claims, wherein the hydrocarbon-lean water 

40 outlet line (26) is connected to a secondary treat- 
ment vessel (28) containing an organophilic media 
providing intimate contact with the hydrocarbon- 
lean water and adsorption of hydrocarbon contam- 
inant in the hydrocarbon-lean water on the media. 

45 

12. An apparatus as claimed in any one of the preced- 
ing claims, further comprising an eductor (20) dis- 
posed between the at least one recycle fluid/sparge 
gas inlet (R 1f R 2 , R 3 ) and the source of sparge gas 

50 (1 9)f or introducing sparge gas into the recycled fluid 
downstream of the recycle pump (17). 

13. An apparatus as claimed in claim 12, wherein the 
source of sparge gas (1 9) comprises sparge gas re- 

55 cycled from the vessel (11) as well as a separate 
supply of sparge gas (29) connected to the sparge 
gas input/outlet line (31 ) for pressurizing the vessel 
(11). 
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14. A method for reducing hydrocarbon content in a 
stream of production water, the method comprising: 

tangentially injecting the production water into 
a cylindrical vessel (11) to encourage cyclonic 5 
flow within the vessel (11), 
tangentially injecting a flow of recycled water 
from the vessel (11) and sparge gas into the 
vessel (11) at a level (R 1s R 2 , R 3: R 4 ) below a 
point (P 1f P 2 ) where the production water is in- io 
jected and to further encourage cyclonic flow 
within the vessel (11), 

allowing the sparge gas and hydrocarbon-rich 
water to migrate to a top surface (14) of liquid 
in the vessel (11), *5 
purging the hydrocarbon-rich water at the top 
surface (1 4) and along a central axis of the ves- 
sel (11), 

purging the hydrocarbon-lean water from a low- 
er point (26) in the vessel (11 ) below where the 20 
flow of recycled water and sparge gas are in- 
jected (R 1f R 2 , R 3 , R 4 ) into the vessel. 

15. A method as claimed in claim 14, further compris- 
ing: 25 

maintaining a positive gauge pressure within 
the vessel (1 1 ) with additional sparge gas or an 
inert gas. 

30 

1 6. A method as claimed in claim 1 4 or 1 5, further com- 
prising purging sparge gas from a top portion (12) 
of the vessel (1 1 ) in the event the pressure exceeds 
a desired positive gauge pressure. 

35 

17. A method as claimed in any one of claims 14 to 16, 
further comprising: 



at least one input inlet (P 1f P 2 ) extending 
through the vertical cylindrical section (15) 
of the pre-treatment vessel (11), the input 
inlet (P 1f P 2 ) connected to a supply of hy- 
drocarbon-rich input liquid to be treated, 
at least one recycle fluid/sparge gas inlet 
(R^ R 2 , R 3 ) extending through the vertical 
cylindrical section (1 5) of the pre-treatment 
vessel (11), the recycle fluid/sparge gas in- 
let (R 1f R 2 , R 3 ) connected to a recycle 
pump (1 7) and a source of sparge gas (19), 
the recycle pump (17) connected to the 
pre-treatment vessel (11) by a recycle line 
(16), 

a hydrocarbon-lean water outlet (26), 
an upwardly directed collection bucket (23) 
disposed along an axial center of the pre- 
treatment vessel (11), the collection bucket 
(23) connected to a hydrocarbon-rich out- 
let line (24), 

a sparge gas inlet/outlet line (31 ), 

the hydrocarbon-lean water outlet (26) con- 
nected to a secondary treatment vessel (28) 
containing an organophilic media. 



introducing the hydrocarbon-lean water into a 
secondary treatment vessel (28) containing an 40 
organophilic media, and 
allowing intimate contact with the hydrocarbon- 
lean water and adsorption of hydrocarbon con- 
taminant in the hydrocarbon-lean water on the 
media. 45 



18. A system for separating hydrocarbons from water, 
the system comprising: 

a first pre-treatment vessel (11), the first pre- 50 
treatment vessel comprising 

a height and a diameter, the height being 
greater than the diameter, the pre-treat- 
ment vessel further comprising an en- 55 
closed top (12) and bottom (13) with a ver- 
tical cylindrical section (15) extending ther- 
ebetween, 
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(54) Method and apparatus for removing hydrocarbons from water by air flotation 



(57) An improved production water treatment sys- 
tem and method are disclosed. The treatment apparatus 
includes a vertically oriented vessel (11) with tangential- 
ly disposed injection nozzles including one or more wa- 
ter input inlets (P^,P 2 ) for the introduction of production 
water and one or more recycle fluid/sparge gas inlets 
(R 1 ,R 2> R 3 ,R 4 ) forthe introduction of recycled water from 
the vessel (11) and a sparge gas. The tangential orien- 
tation of the injection nozzles creates a cyclonic flow 
within the vessel for improved sparge gas bubble/hydro- 
carbon contact. A hydrocarbon-rich layer migrates to the 
top surface (14) of the liquid in the vessel (11) where it 
is removed about a center axis of the vessel (11). The 
resulting hydrocarbon-lean production water has a suf- 
ficiently low hydrocarbon content that it is eligible for 
more intensive processing, such as with organophlllic 
clay cartridges. 
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The inventive idea is: 

A method for reducing hydrocarbon content in a stream of 
production water and an apparatus therefore, the apparatus 
comprising: 

a vessel having a height being greater than the diameter, 
the vessel further comprising an enclosed top and bottom 
with a vertical cylindrical section extending therebetween; 
at least one input inlet extending through the vertical 
cylindrical section of the vessel, the input inlet connected 
to a supply of hydrocarbon-rich input liquid, the input 
inlet being directed at an angle of less than or equal to 
45 with respect to a tangent; 

at least one recycle fluid/sparge gas inlet extending 
through the vertical cylindrical section of the vessel, the 
recycle fluid/sparge gas inlet connected to a recycle pump 
and source of sparge gas, the recycle pump connected to the 
vessel by a recycle line, the recycle fluid/sparge gas inlet 
being directed at an angle of less than or equal to 45 with 
respect to a tangent; 
a hydrocarbon-lean water outlet; 

an upwardly directed collection bucket disposed along an 
axial center of the vessel, the bucket connected to a 
hydrocarbon-rich outlet line; 
a sparge gas input/outlet line; 
the method comprising 

tangentially injecting the production water; 

tangential ly injecting the recycled water and sparge below a 

point where the production water is injected; 

allowing the sparge gas and the water to migrate to the top; 

purging the water at the top surface and along a central 

axis of the vessel; and 

purging the hydrocarbon- lean water from below where the the 
recycled water and sparge gas are injected. 



2. Claim : 18 

The inventive idea is: 

An apparatus for separating hydrocarbons from water, the 
apparatus comprising: 

a first vessel having a height being greater than the 
diameter, the vessel further comprising an enclosed top and 
bottom with a vertical cylindrical section extending 
therebetween; . 
at least- one input inlet extending through the vertical 
cylindrical section of the vessel, the input inlet connected 
to a supply of hydrocarbon-rich input liquid; 
at least one recycle fluid/sparge gas inlet extending 
through the vertical cylindrical section of the vessel, the 
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recycle fluid/sparge gas inlet connected to a recycle pump 
and a source of sparge gas, the recycle pump connected to 
the vessel by a recycle line; 
a hydrocarbon -lean water outlet; 

an upwardly directed collection bucket disposed along an 
axial center of the vessel, the bucket connected to a 
hydrocarbon-rich outlet line; 
a sparge gas inlet/outlet line; 

the hydrocarbon- lean water outlet connected to a secondary 
treatment vessel containing an organophilic medium. 
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